
?orynri'uunu

-tYnlid{[ar1sriv'louirrtaalaaoln?,11{li1?
<U

t?1uuYl u'ltJ'l{

3a , f,
n1:6un{1ad:uiirfludauuilrtonnl:finu'rsr'rilud'nan:tJ3ruru'Iad?n::ilFt'rder:ilu11i6ufl4

jv
a1r1a{'rafi 2n::u?lrttrodau ailva6?n::ilr[1deri61u1it're6?n:Til[nfr

x1141?Vt U',l a u 0ua:1t51u

tJnr:6nur 2559

- ^ ia.
atdvrStuuta{ufi 'l?ilu1auqua:1t51u

----J'rfl

khanitha
Rectangle



SYNTHESIS OF CELLULOSE SPONGE FROM RICE STRAW

rnltd -......-..-
,n rrsunffi.2il6
;u,Hu,,d..9 -0n. iq0,

I

CHEEWANAN NAMWANG

AN INDEPENDENT STUDY SUBMITTED IN PARTIAL FULFILLMENT OF

THE REQUIREMENTS FOR THE DEGREE OF MASTER OF ENGINEERING

MAJOR IN ENVIRONMENTAL ENGINEERING

FACULry OF ENGINEERING

UBON RATCHATHANI UNIVERSITY

ACADEMIC YEAR 2016

COPYRIGHT OF UBON MTCHATHANI UNIVERSITY

)

khanitha
Rectangle



a

tu:ulolnl:nual1ad:J

rurirur#uaua:rtorii

Gryryrinr n::laran:uurriufi n

arsritriRrn::ld.:urodou erucinrnr:!nraoi

a-c<
ris.r nr:dlrn:rvily,loldttaalaaornyhlrirr

ir20u u1.!41?t?'tuuvt u1!?.!

h[ucnrtrnl:d0u

{dronran:ror:rl o:.d'n:{'o riuurlo U:corun::unr:

o:.nigur tuq?r:ru nttun'n

ars?ufi14fl:1n1:u o5.aunfl a!0.$1un: n::!n1:

0101:u utnu'l

(n:.ni5or nuqr::zu)

(:olnran:ror:d o:.qarruli rfiu:ro.r)

nruudnruvinr n::rnrani

(:orman:ror:ti n:.oiurn:ni u.rdinri)

:olaEnr:u6rlruitrnr:

,k , .n-t{o{rat.
"""""ct'...-".....'1...' .1... "".'...... .

.FJ clllrs l

6t Bvrf rtus o.uil ri vr u r a'tr q u a :rtor fi
tnr:ilnur z5sg

Ja\



fiqrGn::trJ:vnrrt

Y e- - !. cnr:6unirda:vafui drri oari'l.ra rtddrun'r1! n: 1uavnrutiruua6oodrro'0lorn
' uarur.ha fii'utan:rutoun:vnruviru aitirun'ran:ror:ti o:.lrniflr or.lfrina [ay o:.nirur

t) .-
uq?ittu oror:dfirJinurnr:dunir6a:v yirupirjrunran:ror:d n:.aunn auar:runi uav

viru#rirunram:ror:ti o:.dn:t"u riuurlo nr:unr:dilinurn.r:dun{r6a:v fihirirrrinur
ruavriluucrjrlunr:6nurdunirdora naoonuni: urii ryrar rravnr:rirtauoara nr:6nur'[#
n : o u n a rr"m n! :v ar rit or n r :fi n ur

?Jorouy{tvn[unturor:ti!:v iirn rnitriar n::urnfi nruvin.l n::lnran i luriyUra-u),ora:rrorfl lnvirufiriruvrooitrn:t:illinmutiru ru6oau:ua'raou uavfn6nut,rdnan:
inrn::rirurodou dhirirdflo nr,rtirurv6auavtorauouuvsir.i 1lunr:6un{r6a:vniii

g )o6io tat ornrur{rvfrfifiolrJfrtfinr:unviru filri'nrun:rutj'lonr6o afiauu ravdrulu
nruasor nlunr:n'r riumufi nryroun:vyr'l nr:6un{r6a:vd;itioqd.xltftddru6

. ! - j,r ra ya- .t ov" iaoylluurato! :un !fl1 il1ro1 yt[olrran nrrriinnrurir a oou'tfirirdlaouol:l
ruavnaaauluauuluvrn 1 6'ru oulirl#;ir15onr:fi nur!-Ilioirod

t?1uuyt u'rrJ?.:

,r?au

ft

-l



J
t50n

it't 0u

t alJ: nrnrl

411',]?1'1

A1N1:UTU:NU'I

n1a1n

UflNqUO

- .. x
nr: d'lrn:rvr,ir{oIdr rraaIa aorny,hltt
t2luuyr UlrJ?.r

i nr n::r n ra n : lur lirufr n
-l?fl?nt:uanu?oa0

o:.oirur nua':::zu
,itirr{rr, r{ouirrraalaa, totyaruio, nriuoutodah,,ld,

Itrduulan:onkd

nr:io-udfiimnrJ:ra.:rirdo finurfloo-urolruroaunrnradu n.:rrr{rl{utorlrrdur
1oo:onttri rjilrrunriuaulnd'alvfui *avrrartirr.ra"lrfiunriuoulodatv,kivr'firu a rioarffitor

,il,'jv'lonjrrtal-[aaornrirl{r'l ornara nrtflnulflui.tlJu.tool1nrnroautoly'hrrim nrrurdlrjuuol
ar:a va ruk16uulao:onltri rjir:rrunrir oulnr"alyki uavnartilr,ra-lrfilnriuoulor'ab'lri
ri.rnn odr.rfiriueirdrgriorirnruyuruu u uayn11r,a1u'r:nnr:qroirlta.:naartalr,,lorfrrtaalaar,t-ri,is,eAJ
to uanl?uyrrl4r]'t3a n0n1t Lot:flrJyi0.iul L{aa [aa01u 1{1'12 nO y{,].!dl?irulnounrn tod u

297 pm urluar:avaruk16u:Llan:onkr{n:rlr{u{u 1o%rnrt r6ldrunriloulodahiri
rlilrn: 20 mt. uacldrrarilrlya"rrfilnriroulor'ah{ri oo urfi ii.rdrt#Lillolrirrraalaadfi

z i--nrrrarur:n[unr:nr:qoiu r uacdr:r-ufrt ryir ri'u q.03 r,ar t.73 rvirt o lrjlarjn ufil
! - &uc ,;

o'ur.i1o1 uonorniruanr:fr nur6[lirfi u'jrfi turnounrnrFnn.ir 1 49 pm uava?t rtrLduto.r

It16uutoo:anhrirnnn'i1 34%wt hiarur:odu:rJtd

1l



TITLE

AUTHOR

DEGREE

MfuOR

ADVISOR

KEYWORDS

ABSTRACT
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SODIUM HYDROXIDE-

This study investigated the effect of average particte size of rice straw, sodium
hydroxide, carbon disutfide, and curing period on the properties of cettutose sponge

obtained from rice straw. The experiments were performed by soak rice straw in
NaOH sotution for separated putp, then added CS2 and NaOH sotution and mix wetl
before curing this viscose sotution in temperature 10t2 oC for 24 hours, after that
formed sponge from this viscose sotution by using Na2SOa and H2SO. The resutts show

that the average particte size of rice straw, the concentration of sodium hydroxide

sotution, the amount of carbon disul.fide and curing time period has a significant

affects on density and liquid absorption capacity of celtutose sponge. The optimum
conditions for preparation of cetlutose sponge from rice straw were as fotlows: rice

straw average particte size of 297 pm, impregnated in 10%wt NaoH sotution, adding
20 m[. concentrate C52, and 60 min curing period. The adsorption capacity of water
and oil were 4.03 and 1-73 times of dry weight of the ceuutose sponge, respectivety.
Moreover, the results found that the cettutose sponge made form rice straw coutd
not form a matrix structure at the smatl particte size of rice straw (<149 pm) and high

concentration of sodium hydroxide (>34%wt).
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1.3.3 nr:6nurarrifi to.:r.loqitqaalaaua;arrihua.rroru,tatlfioloU

t.3.2. i irn:rvrfrirnruraioto.:no':rratafiorioudu;rJvlou:srrtaqlaa drurniar

irn:rsdnrruraio HMKE iu viscotester 6 ptus

t.3.2.2 i;rrz'wiatrur,ruru uualr{olfirtaalaa oiroi6ursr:rru ASTt'l

D3574 - 95

t.z.2.3 igl.s:xia?'r a'r 1 : nlun1: rin rfi ur or rua'l r o'rr'{ ol#r usa ala a ri? u nr:
irn:rcdsr,1'.r rn:r'ru ASTM D570

t^
t.3.z.q irn:rcila'nuruvfi ufi rto.lilolrir rsaalaafi roiuillddrundo.i6rSnn:ou

uuudo.ln:ro (Scanning Electron Microscope, 5EM)

r.q U:clssdfi nrn'irovldiu
J . ! .. 3 .

1.4. i yl:1uan1?uytr14tJ1!61l [un1:tu5!rlo{ulttaa Laa

1.4.2 arxrsnrfi rJla rir't#nlliaon,t6o'Wvr1{nr:Inuqi

1.4.3 ar rsoaof, rgr,ruafiuartd



uvfr 2

v]qu0fl[nu?fl0{

2.1 6elra
6u':a (biomass) 6o ar:6uyidfir{luuyri.:rinlfirud'r.lruorno::rLtr6uaya.Mi0

drlr}irdsryra'.rr ruld rdu rauria o ry 6 ol,t'yl1{ n 1:lnun i uSonrntrnn:yrrunr:arfinlu

Qerai n::lnr:rnun: rdu unarkio r n n r:f, rirr trudould'or nnr:r.ri nrlrnrafl :ru rauLi li
ornnr:u!:: biurutr:rr.riolfiunrfirJd'arfluriruluqi uavutdruldornarurjrfilanl{ nrn

- !- ,!1a toi1nn'r:anourrLurjrar6r oon o rnr.ralrdrao nrnfurirr.Jvyd{dornnr:erinrrdrfu
ao

rirrJvr,tii'l {.:{tlyro ld'ornnr:ilirrlnorfradrrlSooon n1u![av nsa rruyri.n ldornnr:rir
,a ; " t - "",lvflil?rnuaonluaono0ntraulruollvfl:1? [rJilannc7l uasul ul.]v 512 dtr iil l6o,]nn.l:

1 v d ,) a . !i{anu0an0a0a tuuFru t?111a alrJ1:ntuau!:utuullannluLo ryl:'tu[u,uuflaut0nn,]:
roirXrGulnriu fitldnriraulooonloriruac;r udrul6aur,iai'rruornuaiorfindlour.iru

n:c!runr:a-rrn:rvriua.r ldoonr:r rfluurl.ruacfinra udlnhrfir.rliorudrudrl 1 tolfit
:, I J " a 4 ! q I ie a s J .j
o.iui.l tlj0u'r?ttl]l ruu Lto rfl a { t:lnn y lflfla.: {'1u00 nu1 LouLuorrrrvlan uacHa dflfrt
[fi:ulfin ro.:rJ:v[yfilyuat:r:ogrtdornorr:r.:fi 2.1 ovrriu'jr idufito.:nr:rJa ntr:n

bjurur:r uavdoa trrlyro uasriudr{vya'rogllvirdun'ru:nto.lzuar.rfisrfirfiodu
- * . v 4v - d ;

Y{1.i11? nO?AE$1a011i11nn1:yl'tu'111'lytLoyd,!0''}nn1:uiu[aulna Arl Inufi5nl!=nriloh

d:unr:rnrrrirarutunr:rsrirr!yilrfiulrijr,rdrviunr:rnrcUanni.ieiohl riohirfioirgur
!an1?vvr'r.:o'rnrfi 6oriurjiurrudu:?un'j't 147.353 d'udot 6linr:il'zuurnr:riry{r.:dr.:hj
t{rJ:vlutririuodrrn{rrt{rfludrurirl riririfi,fio4alunr:id'aluvrnld.ruoon!1od1.reiorfio{

uavdru!:vrrntuofi nr:d.roantmriJurirutvr! uavfi nr:ra'rurfl av 2-3 ni.r y'{fiiilr.r{1?

o1nn1:d1u{uilil1tu 1nnr!}r'r lur'lrldrrtiosirl 1fidrurJ:vnauua'n6ortaqlaa
(ce[tutose) rairtaqlaa (hemicetLutose) uav iniu (tignin) urifirJilrruurrneil.rdunrrrrfro

'uorrim druraortuor:rrfi 2.2



o'1i1.!fi 2.1 nr:ldrj:clusdfi 6uyxnr:rnun:lurhrrr6 fl .6.2557

nr:rrfi 2.2 arirj:vnaumrr rafi ta.rv,hl{rr

2.2 d'lurj:cnour#utluianr::url6
z.z.r rva6laa (Cettutose)

.ad .l i I s -r a - j
r{a0taatuut auo:yll]}l'tnytao [u lan uavllu [nuyl? [u Luo:tut1fr rIo{a.]n I u

o{nUtvnou a=nrolarf.utaiifrty ntio louiilo:lair.lqrf.:rranru:U 2.1 rlilr rurraalaalu
fitrirrtiorYurrlrjryirrYu uonrufioornrnaolaa oc uor6 :vnouroifinfiu uacar: :cno!
J os5u1luin:rair.r fitrduluo::ltrnolnfit nrinn'orfludulorraqlaa (cettulose fiber) 6,r

fio{6U:cnouflrlrnitj:cnoudruo'rnyd'n 6o nriuou iouay qq.q lolo:rou iouav 6.2 *av

oon€rauiouav +g.q hirnuilv'jrirraalaaliavroluo::ltrfr ioud'rlil rjnoyrunr:rludru
ar:rJ:vrnvrfiniu (tignin) rtrnfiu(pectin) y5ofifil (*ar) ralo ura6laarflua.t: :cno!
!:yr.r'rtu 10,000 rarilu sioli'!rfluilranal,rfiuroiln:rairurrrnfirrorrraalna6a lvr6-rudr-t-

t1un1t riirJ:rcils
(frruld)

nrnnafio
(drutd)

n'ta

9g':uoan[au.:[1{ua

(druli)

n1nna1.t

(druli)
nrald'
(druld)

rdodi{r.,:rlutri
'l{n1:rnU$l: 749.23 32.49 63.84 3t.t2 27.17

u11',]? 69.96 15 79 42.75 10.20 7.22

Y{TL: 37.15 10.19 11.94 9.01 0.01

aruhizua 34.92 4.05 4.32 7.39 19.16

arun"n bioon

birl:v6'u

1.40 0.45 0.32 0.50 0.13

x J,-. -
LUavrtr!:c Lurlr

A
vl1.!n1:tflugt:0u1

11.80 2.01 4.52 4.02 1.2

f, .-
fr ur, eirfn.rrurn:unnonl5rnun: (2559)

tfiov{,.rdrr v""
l0gas1l0.:u1 un[t .i

rra6laa la rqaatad anuu

1J 'r? 1.11 : [A 40.7 23.8 8.0

t1? 39.6 34.3 6.3

drrvlr r 42.2 31.6 7.6

fl1141A 43.2 22.4 9.5

J.ylll'l: :Y?'t::tu una?na1 (2538)

5
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a-6-uoulaIo:nglnln:rlua (poty (F-1-4-D-anhydrogtucopyranose)) tl:vnaudrur.rrir u
J )-
fiurruElrSun'jr uoulol,o:-6-naIna (Anhydro-d-gtucose, C6H1sO5) {rriotrnnr: rir6'orrjr

aaiornnqlnariofi'uriluqnltiilr,uquu',. d'ooorolrn.rnfi z.z rsiavuilrurolnqlna
rJ:vnorriruvqlaoronta (Hydroxyt, -oH) 3 ur,jdroi'u t'uvrfiouri'ilo:lairrto{rhnrafrrllJ

,A Z - 3 .
rr0lruon0'tn txLana u12fl anur!ua'tu L{yt'l t14uaca1uu1tyI0ul]10|1a tn:{a:''i{yt'tirn!u!1'rx

iX - o s
n1:00t:u.rgl?0u1,i nJutu r!uul,0{vu't u tlnuluIlJrana rtaa taa0ntJn?.tli llju(ana,ino t.J

a-nuruvnr: r':-urfri riluanlt'l,lra qaurr rirlfiinr u udru:ra.:!:v rn n6utnnrl:d (poly

saccharidesN:cnoroirtrnqlna (gtucose) lfiur.rrjrudau ortrhldrur,rXlao:onialuln:.:airr
"""".

ac rurn?onoou'rvr'r t14 rra a ta ai nrrraur:n1unr:oo6u nrrlduki66 nrir rituoodrirLi
rfiorJnfiiurfi'r n:oovi6n (acetic acid) ldrflurtaqlaaocirvr0r (celtul.ose acetate) rdororn

rraalaafivriloo:o n€a6r : vri o'r rfior{uovlalo:rou rfio u:rdloo:vv'ir':lurana rraala a
&". ac

uonnrnuu tutn:na:r.:u:rrrumrtluniieiarYuroin'rnn15rou-oon€tou-nrfuou (-c-o-c-) riu

lofiqnrirarukiriruruaor nnr: rfiooonirsri'u (oxidation) l'rlriarultiurrtroarriua'ru16n 1

ndludrnraarulsltlmnaurrtorrraalaaaur:nrirnt:n:':oirn:rcftd1na

Mlddle
Lamella

Prlmary
Cell
Wall

Plaslna
Membrlne

n1fl d 2. I In:rairurtrluto{lraalaa
sti 1: Michael W. et al.. (2015)

3 -" ; -, Yfror:curornrirtarriru{nhrana firfirird'.rusi 100,000 nu6{il:vu1ru 1 - z dru 6iu
tjru r.Jo oroirhrarinhranaar6.r o dru rdu'lur:uoufiriurf;ulurJ:vFuiffiri.rurinluraqao{

luri, .l zo,ooo 230,000 rhyrinhraqal-ngnrirurrulua'nuruvtorrirraiuornurjrudoufir,iJu
ir -nqloa udrnrud'roiiruruyrjroeiouficirriu arlr:nrduuan:urrrnfifi'rlilro.rrsaalaalei riiu

I d - ! qs q .i 3 j 
- -:(c6Hr0o5)n Lou n n0 olSuoullutJ 0{n''}: tnfl LyraL!a5 or n 0.:lrnururln [tJmnaBl4l o:o'no

ool.]norot'r, 2543)

Plant Cell Wall
Structure



cruoH

I

H ,9-o. 'l./ H \N
..Yr€" il\ "

fiH
HOH

n'mir 2.2 In:rairlur.rrnfi trorTrranaroaaTaa
A^t
fi!1: fir]y{rlrrlJ Y{:roa }1{6 uacusul :9ru'r!uuyl (2560)

2.2.1.1 alu5tosrsaalaa
"Z-"3ji,rtaQtaauunJlrlro.rulr{luila :Jn'Doo lravnluLouluavlonrua?ou .l vrou

. .:, a ; .- .Zlur::urnrn:ar loun:vr4'rfirauoa 6lauqatouJiurrunru6utorrgaalaaovni6uuhJoru
t--.

nruiud'uniydto{1r::u1n1fi:o1r "l rtaalaaov riarnr:101o:laia (hydrol,ysis) otjrl:ror5rtu
,; d d ; e v

a1:aca'run:ottfl11oru140urro{ a1r ava']u rnao!'r,ituqy[r]n,u rtiu 6.:rinaat:ri (zinc

chtoride) rdrlduiauav 72 uavai:acaluo'anrlalao:onhri (alt ati hydroxide) r,tju

ar:acarulordu loo:onlqeioslirtrirra6Jaauar6'ruavrra6laafifirirr,rrinllranaoiT l avaro
\u s t, q 31d rtaala a1riavarulurir uaviusnulasaruouvr: u umoya yaralun:qttrirdutu rdu n:o

t'ail':inr{l{uSouav 72 n:nlalor:naoinr{uduiaaas 40 uavn:oyloatioinr{r{uiouav za
u-io v d j g

nrruufroriluaurifrfrrir druotirrufiltolrra aIa a ua v aun-ud In u nruuuooy rflrruau 1.r
1)g":?ot:?t 0n'l'trJrlulJutioittaa[aa 1n1u

s .ir.J
Iouri'rhlrilaritsaqlaahJrirr-lfl fiiurffiar:rnfi rvrfi orJfl iiurvraruotirr

mlltuo,uonal5rn mLt u1r{rulJ 3 tuoolunu

t) r1fr ffi urfirirlrinaelaa!1xri?lrayn:roro6'r Ioubirirtrikjrraalaaurr
tsuvionJ6uuln:rair.rurltniro.lurirtaalaalurduler

2) liniuridlifinrrlrurr,ua dnaalaauJduuurJalryr:runr:rf, or
3) ilini0rdflhiv{lao:oniarrJduuriJuroarmoi (ester) r,rio

ar:rJ:vnou6uadl.ra u:ni
ilfr fiiorrfi r rirrLitdrfi oatirrlnodroafi.rrfi u{odrlrdurlouarl!:n: uri

- !, - i , - ! - - .-ovrinirrLnr-uralo urlnilororfroiuyr5ouriur4'l 3 tio (ooo:ryr: laavqn, zszz)

rdu'lamaqlaavrurirluortiyun:or{rLriu frraur:on.:uqrLrJfr iSuruoln :n
uacrirflrirfioroaryroira6oar:!:cnou6uotirrauu:ni arur:nldnnuri.rriiulu r#uludoylyftd
' q 1 '1 ,a.J - X Au.:'ru 11.r0'rn1fl tou [u naury L rua0toll,ainu0u 0'Lril[1-J aooyoaolovlrauo rrnrvfrrirl 1

vaoo uaor'lriuiu'irfitolo:rou uasoon€rouri]udru!:vnou drunriuounaruriurdr
fi r urirdulu rt a qla afi o d l r nrL r u ra a r u ti o rfi o ro r n riuluv nt io i

orriU:cno!yr{rnflurar.j':udoafiu.riouriu o'.:riui.rrirl#aul5torrduluna'rdinrrundruryu

H OH H Ot-t
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t \e- .
6a onilnmliuld'fi rirnruSouldd finrruarur:n'Lunr:yuriooruynfial nrruarur:nlu
nr:6un'rornu:.lo-osir rduluatJr:nrnrcri'uuriu'tutruyr{Judra rilud'rrirtrlflrvrjd n.r.r}..r

rauru uar nnriraruldd':u:r oo6arly'l yurioular uayn nlirarulddrun:o iirrrnn:oui
(minerat acid)

rdulursaalaao::ltrfr rdu ilru fi fi u vruriorJfr fiSurrnildlrnn'jrrdutu
s i , : . " , &rraqlaadul usinr:fir rdu'luuririliluor nrr r[lu r'] a'tu1u :rlyTl ar:oo n01nd (oxidizinq
. 4 ..e e. a

agent) rluaayn Lyrau Lu raor]an111[o [!0::!t1flovy{urau [urtaa [aaolnd?u9i.],: l taltr-t
usrnsirrriuldyarnyar u ur.r :crn riurf;ulufrtdornuSo rtiu flru r]u rJo ur.r!:vmmuilu
rdulufltriornrirdu rtiu afiu rhu rdu'luornlu rriu '[ud'rrjv:o t]run:ur:ruoi u5oruin:vri'r

rfiulutrnaa rtiu lonrulsrirr
2.2.1.2 nlluauaaruwaalaa

nr:douaarunaalaarirld z i5 6o i6ur.rrni uaviEvrrGlni
1 ) n'ndouaalurraalaalouiSyrrlrnfi

nr:tiouaarurraalaalnui6vrr,:rni riiunr:eiooaaronaqlaalounr:
1{n:ou5oorr a'ru:"lnr:l{n:o !!frSurnr:dooaaruovrfi outlu 2 riumou

t.t) rYuu:nrtJunr:eiooaarunaalaarflurfiflra

I .z) ;iuS' 2 n: otiou a a r udrn ra}i'tririjuar 6 qfirur{du 6rtdo r n nr:
,Z

uouaarudrsrra (sugar degradation products) rriu n:o63fiin (tevutinic acid) riun:o
r{oiin (formic acid) drriunr:douaarurirslralfi'riuarisrn-rud5u lnun:od0u!t{[unr:eiou
aarouta6laa kiuri n:n{aflrin (HzSoo) 6rnr:uouaaruoyrfisrduadrr:rorirnrulur.:ar 15 -

20 urfi
nr:1drir{,unr:tiouaarurraala a fi r.r arirtfieirudrfl uIn:.rixardn

(crystalLine) lurraalaarfionr:urldt (swetting) uavorofitirorralr.:dlur,tqooontrornaru
{ . J " - J.

lufiurnnr1:ri riorirfirfic.irunr:r.lirrJllnrunrnrirurirr h.Jeiooaartrriolotrl{roulrrinaqraa
(cettutase Enzyme) oclirlfiroulrrirsaaraar{rlrJdouaarofirriu 1Liurniiu rfiorornnr:
ilirnrunrndrurirl rirl#r6onr:u':risr"llrolrtaalaalueirufiriuln:lir.udn oirrffldlunr:
rJiuqrunrn ldud ltr6ulloar:ankri (t'taot) uavurarLl rfiurr (NH4oH)

2) n'ndouaalurraalaalooio'yr16rrnfi

nr:eiouaarurtaqlaalnui6vrrr6:rnfi rfl unr:eiouaarurraqlaalou
1e \ . - ! -nr:luouLsrirraaraa rnoo-60 rJlilSurnr:douaaruo;rfi orf,udrluavrjrfl rafitdosbinndou

aa''ru9r0

nr:douaarurtaalaaloui6vrrrirrnfi r4rli z iE
2. 1) ni:eiouaalurtaalaa Iouuaulrrirraqraafi ari-oornofi uvritjvrrn

A w " ..,,!,-:fraur:nafrlroukrlsr"rfild'fild.lurrnovitrurYutulrrrnr:6r uayrinfi:rnrunl rdu
Meicetase uau CFP 233
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2.2) rflunr:douaarurtaalaalnunr:udurofi ry:'rifi aur:or.rfr sr

- Av
roulqr:maaraa!uiaofrdalnr:eioeraarfl iBfiovar r:nil:vrau'nrirldo'r oldrrnn'irio'u:n

2.2.2 lafi$aelad (Hemicettutose)

rairtaalaarfl uvrofi ruoifi fi r':alrLranaoir fi rlrmrarfl uorrir.l:vnor 1urofr
" -Y - ia i - a. X ;-

r{aalaafidrsrlavalutio filfiltla6il1nfraofii 85 - 90ry0 uacd?ufrrrafiortlurirnrafifi

n1ilou 5 ttav 6 avno n:our]uul:in (mannuronic acid) uac n:o nl Lta nrtl:in
(ga[acturonic acid) ufluo.l6rJ:vnou rBi r{aQlaaovqndouaaruldiruoiru n:o r,riooirr16oorr

,i
1450[0UL{lJ rA:lrratrtAA taau] :ljl',tiuuu0u uJtuu[6un:{uavta'lfrlJfl0.r14u? uu'rft''iau!!

jja 0{yl't [y uSeyttol]:ut4't'ti [gLaa0ny']a1ufr1un5fi 14l0tout{tJ toilu
z.z.z. t 1o:rairlro{wfi rsaalaa

fitrj:vnord':urairtaalaalis!16u t tu a torriryrinuvll loaaei:ru
- .a; < -Y" u Ae.

nuttaataa ttavanuu yt1[utnoluur]unttaa tvrufl.i[L:.: tolJtsaataa y{ Ln:.ifi:1{y tljualu

Idn:l uavltifrrro{d1n'raifinlitou 5 ovoou ldud lslaa (xylose) uavos:rilua
(arabinose) uav#rmrafifinriuor.J 6 osoorl loiuri nglera (gtucose) uuulua (mannose) uav

nluaflIna (gaLactose) lt1aarfluordrJ:c nor;irl'tr.rrg1utofi rtaqla afi rfiorrio rYudr uri'uov

r!m1 (1,4) ( B-t,c uono) iilvrduhirdoud.rlrnn'jrhirfioejou ri'.:fliririouurrrairtaqlaadfi
, - ! -i[t laatru.:tuo toul LuS::tJt't9r n{ n ! 0u511ln!!la1atto0u.] uayua?uto.ranluoljsrxnu

ododrlyur uriudr aniuoslnrataur{ Ioufirhi rafr rraalaarcinar rilun:o rfl o r or nfi r,rri q-

t:rBa-Roay,l1 6'nqlna (4-methyL-o-o-gLucose) i'uo{frioonOtouqr'rur,rillfi z 6lnr:fiyri
.j6 " ,J

uvufrtusiruvrirfi 2 uav 3 (o'luanflunrvrfr 2.3) dlzuatriaur:oan"orsfr rraalaaoonlou.iru
z-!.

o?u6'')5ava'rutlja ltatun otl,?Jo{ n']: a flo ra! r{aa La ao 0 nuu 01nno{l.ln1:n1iflanuu
(deugnrrrcatton ) 5'l n?u

a1$fr 23 In:':airquatrafi rsaalaa

fiut: Emanuel M. et al.. (2013)

2.2.2.2 aujfffiJa iloir{aalnd

airulr,rr!ovnu rofr rra ala aluruu-rrraei.il'uuonqntolr.rri,:rraiidud z Iou
avnneiouaarer iuayan-oooflornrurirrraaifitldlunrrvfltriluu:r rfiorornln:raixlr:raqafrid
trd, 

"frlrtiuo"rururrnnairunirla:lairrrolrnnfrr (pectin) hranatalrofrrraalaaoyrarrirlirhi
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- i - a, )A a,
rnnn'l::l!sr'?nr-uUlnot utoa [otruvvl[U0Lilu0{nUlvn0ut0{ u,ittaa0v t!a1u1loanoa0n Lo

-x
o2 uu'tu9ralulinaca 1u t9l Lu[ua

2.2.3 f,nfiu (tignin)
- t) .a aa

dn urtJuvrodutoSrr![utJu{$aa tvlr]n?uarlruo[t{[n:ia5']{l?r]nultaa Laa
r r - j s ic, i, - ' <

uavytoa-u{nn'rhotuo0ul an u!: Y nauo? u l!ta qaYl tuu?{ tlt4luYlel0 nu L[lJ uq! tuu

In:rairl I ifi Iounraluln:rairrovriarLriurirurYuovdrsoi (ether) raSoerS!ou:v 'i1.:

z lrLraqa rirl#fi niuvruvrrusionr:eiouaarudrua't:tni uacrouhrilrnn'jruo6ruo5tio6u1
-z -.d{uu anma{o'tt{ua1:tn!lun'']:uunanuuo0n01n 0autnn1t:o

z.z.3.t In:.lair.:to{aniu
3niufiIn:lairrfirfioornflialu:vrruoud (phenyt propanoid) 6.irflu

4 ,.:d , - I s 'a'! 'v!doutardnilu!:uno!nnt ul1ltanavt [u6l]vtr.] llu]ia0EJUu L!tanaanuuoln t ltuaa0u ufU''l

"-! e- t.
uavbirfiou{rfiorrirJ:vnou'uolr.r{tlvufi ']ntr.t[on6 (methoxy) uau n']srnfiYIuovivu'j1{fii

fl fiafi unnrirt d'ruao.:1u;rJ 2.4

CH2OH

I
CH

I
CH

Io
Y

OH

CH2OH

I
CH

I
CH

CHrOH

I
CH

il
ctl

q*",*,"A**
OH

sinapyl alcoholp-coumaryl alcohol

OH

coniferyl alcohol

i<
n'rfivl 2.4 tn5.r6i't{to{anuu

fiur: Maria det Pil.ar Castitto (1997)

2.2.3.2 aurifitorfinfiu
--Je - , Y Ar.'1J-3. a

a!!fivalnfut0,ianuun0 L!acaluu1uau0?vtlacaluvtttl]1t?o.:uu 0,t

- -,;.!
a 1!.r1:nanna nuu [no2 u 01vl1ay a1u0uv]:uYlrJt?ai umr!1{a?u!una 10{aaR1[aranuu

(atkaLine tignin) fiaur:nacaruldluer-2d1ava1uyr?nlooonttu (dioxane), 1n56u (pyridine)

lravaliava 1ur!a 16 oorrlduon o r nfiri ofinr: rFrJvritusa (methyl.ation) uayxriou66a
jg i.(acetyLation) nurnonl:urufiiufroirur,trirrir.:1 uu?.:uv?utlJuir.r (benzene) luln:laix'uor
- y i - " - " r ,r

anuu Ytltvanuual lt000nauLra.i vr{rn1: rn! Ltroutl Lao:an [tont!un1:rYu]fir t8o:onta
(hydroxyt) lriunln:{ail{ra{a nil.l rir'lvlfinfruaur:noonAurfl{o-aol rlorankifinrruurr
na'ua.iao 280 urluun:ld nr:fi6niuod:rurilrsaalaalurdabi rirtliln:rair.luarfitfinrru
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utru:rloirrrlo::utrd:uflrJlrirLralauviu uav[0uttul alrL']:nfl1a1u tn5{a:1'lnt tonlu

Iouln:.rair.rfifiniuoijrufi'uttaQlaalcili'uoslnrrtaur{tfiou:cu'irlf,nfiu rrav toinaqlaa

.z
2-3 v'la.tu1r{aa ta66{t6l'1J14

a ; . r-
n:c!:u nt: tnE u!r{olrlra'lrn:rsd0.i1un:vu?un1:'t o.!tua2ufio fitl{riuuniuarulu

onarvn::rLiaooatiuou (viscose rayon) n:vurunr:ianoa t:u ou :vno!dra aru

rYusrau ri'rriohjfi (Edward and CharLes,1997)

2.3.1 nr:ud (steeping) riunsunoulunr:14r1#rdo Qutp) rflunaqlaauiqvr6lntrnr:ti'o

rafi rtaqlaafiavaruludrl (al.kati-sotuble hemicettutose) aondrunr:udt6oluar:avaru

It16or{ao:onttoinr1xrtudurl:curruiouav ta lourfiurin dqrura4irJ:vrLrru 85 o{r11

- ) ov) j

rta16ua rfrO LutdO$aalaa!'utd? (sweIt) tu0{A1na1:aJa1U tstoUU tofl10 n tto0no0tlltllla

16odrunrflariu6o{u (capittar action) rr#tuvritrir{d'uturtaqlaaotgnr!6ourflult16uu

rtaQlatav (sodium celtutosate) rai olo uri'rhJ ri on'jr o'anrlarsaelaa (al.kati celtuLose)

r,ria hriailri (white crumb) d'lar:nr:fi (t)

(C5HloOr. + nNaOH --------> (CoHqOrONa)n + nH2O Q.l)

(Celtutose) (SodiumHydroxide) (Sodiumcettulosate) (Water)

z.a.z uflurYumounl:td'oalsaval ulsrdurLlan:onltridrutfiuaonorn atkati cettulose

crumb

2.3.3 n'r:fifn (aging) riufluo oun?! arln? 1rllrfio (viscosity) 6l rflufl o d'u rir6'rg1u

n:u!1un1ir.lefluavn?'DJul2ta6ulo.ialukiiloeuloi (average chain ten$h of potymer)
, !.

u5oli'ruiu14u?ur,1tua1u ttroau]ai {degree of potymerization,Op) 6suiluf,o6'ufirilarasio

ntua:Junta{t:uou tnunl:tnu:hul atkati cettutose crumb nruldnr:nauRuanrrtd
' :.o r Y i . ,--- i,
rvr.Jlva!tfro1f 61u[drsaataaaua.iuasr.] DP o'luo0nnlln0uvl0vvl'lulnSu']u$utvltu

." J i' r.
(Xanthation) luriunousial! lourJifiiuraonirn{u (oxidation) rflulfrfriutfrt{1unlrti{fi
araldrranlaa#uarrioarukirraalaatuar DP uasR?'r vfioosaqa.r

z.r.+ rJfrfi3ulrtuut'u (xanthation) rfluriunoufiuJduurtaqlaarilursaelaartulvtvl
(cetIuLose xanthate) d.rriuopi'urifiavaludlltiud?l.iar:avalunlitouln{alvki(carbon

disutfide, cSr) rfionJduu cettulose tflu cellu[ose xanthate o"{ailn1rfi (2)

(C6HeO4ONa)" + nCS2 <---------+ n(C.H7O2(OH)2OCS2Na). Q.2)

(SodiumCettutosate) (CarbonDisutfide) (SodiumCetlutoseXanthate)

2.3.5 nr:aya1u (dissolving) iflurYunounr: uJ6uu xanthate crumb fifif,ruf,oldllri
a )-

L!ua 1:av A lUtul4uoyl[:u n11 raTna (viscose) loUayarU xanthate crumb ritUAr:avarU
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It16oulon:onttdovrfinrJifiiorururyrr'uuavrfinerf,suYruc{{rruFur (by product) luorurani
,itr

911t 0aqn1:aalun?to.1u{uLvrytLlavaonl:tno6]aan&fl ,U1{[nu.i

2.3.6 n'lrilu (ripening) rilutunourfi ohiri'ulaiqzunl,ruavfiall-fi nusio.:nr:
z.r.z nr:dup doori',J6rro",n,ooqlounorr,rr,frrvtorirrtaqlaa Ioun.r:rfiuk16or

darvln (sodium sutfate, NarSoa) ud:6uflrirun:or'aflr6n (sul.furic acid, H2SOJ y'rtitiru
firaruh.l'uo{u6uu{arr'/nnaruLilu:yt1u o'launr:fi (3) (Edward Cetlutose xanthate)

n(CoHrOz(OH)zOC52Na). + Na2SO +H2SOa --> C6H7O2(OH) + Na2SOa +2CSz (2.3)

(Sodium Cellulose Xanthate) (Cettul.ose sponge)

q gJ.
ilo dafr a'r Haeioaruailri6r,o lylo ld'l
(1) nulnor.inlnrio.riaq iile.rarionr:rfiorJnfiior:vr,t'jr.loun roroliaonil-llsrn'0!1oo:

,, . r-1 ,--- - g J- , - ! - -! ;- S .---0nttu yl{uunnlu'rivtnqtuytit?n0! o.iuur41n?aot uylu?l.t1nt! unn:u1nnc rnn [o[i?n?1
-idJi-; ,

riaqtirrrdu:riuvr-ifruvr-frrdrnir (Ryan . and Radford C, 1987) uannlnio''lnflanr:6nu{oB
ar'r?6 ,{a :u[6i! (2557) nl'jrnr:lorfioa orturoounrntolr,,hlrim dlarario nr:aoriru:u

a ' s Ja
tn:{at1{lllJur.]an [urtaa Lafla{o?u t{a{Na [nuntn00n1l!Rnra{ [0rnu L{aataalfluryyfrlf,u

a r:rir6'19ria nr: rfi nifl Iuluy{ o{d1 rraela a

(z) a'ltldldutro.rls160illao:onlrd nr:1iln6uuloo:on'[rrifin:1lr{!{uain.j.r
iooa, ta lourlrafn dlnalfirraqlaadouaa']unalurflurfinraldiru (fiirYaur ariqnruuri
uarnruv, 2549) dreiuarionr:du:rJuorriolrlruavnr:rfio:x:u1u1n:{aSl.rroiwaalaa

(a) Gurrunriuaulnd'ah,ld loan'r 1 n211161u11n'tun1:oo6rtoru,rarocrfi!f,unur

Glrruariuoulrri'ahlddrdudu (pan, e. 2014) yrl'jr nr:rfirrruto.:nrfuoulos'ah{e{
, qe i - ) t

alzualr.rnr:oor-:Lfrrira,:iu uayfirirnl:ooiu6.!aflfrn15loulor"alv,{rirjiulru 20 mt .

(4) rrarrjl uaJq6uilAi ri o rfiu:yrJ v rr a rlun r:ril rirnr rluioo vaoa lluri: lu: n

(rJ:vrrrufrll.:fi20) ornriuur'orrarrfildtrirn.:trvfioovrfilduourvirriurirnmlufiqGileiu

ft'rluriiol 6.:rf,uaariouLrorninr:uvrufilurJifiiur uavrfionr:nTundr!o{UAniurl,ol
ra tolwurvrvr (xanthate group) uravnr:dulouorqo'anrla (ALkal.i) nrtrrril1iutornriuaulo
6'a1v,ki:cr.rvrrarnr:r.jllurYunou xanthogenate uauozuyninl: Inu A[kali (iu,tYunoutol

viscose process) firariaorarnrurtlulnfiuoflounr:rilrvr'r'[#ornrnrurflulvr6ruoifirir
.4 u t t J -aoar uac0n61n?,lrlruut ar!0trludoa2u[ouo:{n!nrnrruur]oto,:trolatauraio fu6oyrn

. c, s - .d , ;
0 iflin?,lr1riju [y{ar!oaxFilgil nrrlviotarto.rc.rauraio fiovfrriroir raiaur nornrnrr!r{il
vrofirloifirira,: nlrruiotovrro{r.raryio6oufiriral6rulildru uavn.mlrlluduerou
xanthogenate (Loonberq, B. 1995)

(s) 
'J3urrulsrGa,darr,ln 

rl:-lrruls16a d'arrinfi rnriu1'Jrirl#rfinnr::rusr-lfiuto.l
I -id q , j i ;-Lrrfru rarll0 a.:r,Ja tv Lor.'la{u1rlL:l:utrro1ury irnofrrtaflrrarl0iounirr,{0.:rjrfifiturn
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molerule-r

Pores avrlable ro

both snrall and targe
nnlecule a<lsorplron

Pores ar,arlable

ofih ro small
rlh)lecule
ndsor.l)tron

n1ilfi 2.5 nrvu?unrloo6rl

vl tl'l: extension pubtications (1974)

n1rfl oirrfua ui nalntornrrlduariar':- (capittary pressure) rdrurrfi urtal lo u

1o{ruaxny0n6{ rtrd:yr:utaliaonoEurirunruriunrf,ari uavlutruv 16u?riulo.:I ainy0n
q e 4 y tu I ;,

01n1n [u:115Un',]Uyl',tutJ0.itya']lunnoo{}J ttla?aoontll01,Jn:uy.:n111.loun1ualt Ly1ln!n't 1!.r

o'utorornronrulu: :u lJo,:!yaioylilnn6.:r{rltflu:iliu6n 0ioo1n1filu:yriuoyavalrirasrni--

rundhJri'rgr:urirhitolryar aur:n rdr uyrufia rnrnlrJ rioo l oun'jr arnl fio sava.l ui4tJct

(lveson and Ruttherford, 2001)

lc - ,i

Ifliufi 16nn'j1 usifi nr:n:voruoYrro{:rrluadl16!on'jr (fiiriaur qrinnruuri !!avnruy,

2s49)

2.4 n1:8o6! (Absorption)
i - - vq,.1o - a -n1:onturuun:cu'tun15vla1::a?aoturlvu{uvl:ntun5301um?tt1[1lvt?lu?aoontuo

r,ril lri rfi uruirrzuurirfi ra=lar"a

('arlxrn

N.tatnr

Luge and srn;rll



?uE'?.G,,

W' olbe

i

uufi g

qr.ln:ni uavi6nr:yqaor

3.r rn3o.rfio ua;qrJn:nl

3.1.1 nt?Un:o{ (funnel)

3.1.2 qflnroi{rue1n1fi (suction flash (buchner flash))

31.3 lnuii (stopped

3.1.4 ur:rfldu (parafi Lm)

3.1.5 uir6'o,uuro (sieve)

3.1.6 n:vrnurfinr (watch grass)

3.t.2 doulylfir (oven)

r. t.s rnio.rtJiJlilfn nrtLac r6uoyrniul + sir uilir (ba ta nce)

a.t.e $rqryrxln.rfl (vacuum pump)

3.1.10 looon?u{u (desiccator)

3.r.rt rnia.:rttiruul:tl (incubator Shaker)

- -lo r3.2 d1:rnr liJtun'r:?ou

3.2.t lsrdtnrlso:onltr{ (Sodium hydroxide, NaOH, 18% w/w),

3.2.2 nrfuouln{'ab'ki (carbon disul.fide, C5)

3.2.3 kr6ulr"au,{o (Sodium sutfate, Na2SOa)

3.2.q n:nd'aflrin (Su[furic Acid, H2SOa)

3.2.5 av0lnu (Acetone)

a.a iorn6uiitd

r"lrrrit ufr'wo ornuril n.n. zsoo dioruuf{r6urdarhirfi uatr16ou mn drmourdtl
d.tur-orotra:rtorf,

khanitha
Rectangle
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o! ua s! o1-aerfi ?tLralfiavrduoudrrirh] doturar'l
7l ,- rt "-
.\ ; 

ltt']anfltuiutr tolu NaOH S___....._

-- +
rirnrnfitdtilut:oJillrr{uuuiC1ilo ud?d{!tiil

J
n50.:ttunnln

al/

----> 
[n! CS2

+
nru't#nirrit floalr udT drhjill6nn{r

+
16rl NaoH tas6wt n'tulirfirYu ijor.h

I

tn1.JLun 1n?l!Luu 10 + 1 0Ctal,

ldto.raralr,rfia
.1,

2, 10, 18,26

uav 34%wt

30, 60. 720

uav 240 urfi

5, 10, 20 ua3

40m1..

(a!fi! Na2SO4
Iv

rfir.i H2So4 o'n:rdrudoi'trtra 6.0 : 1.0

J
ud:ryraruurfi ri driri'iiu;rJrfl ur{0,:rlrraalaa

.v
unvr',lalriltaqlaaaonornuuufiriudr nh,i'oilrfi eildrloqj

Iv
H.l Ll,lu n

-J
loiriolrir rraala aorniao6rrLr nt

rV s i - rw
? Ln51v1{Y{A,rUlrtaa mauroSu In

lcuvr?a1a fla1a{

v{o.rfrrYu,uolnrar

n1nfi 3. 1 dusrounr:rsriurr,,lo.rrhrsaalaaornfi eura

t
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3.4 i6nr:uoao'l

3.q.t nr:rniurinn6u
v)

u'rri rlrl': fr l unor'triuril udljrhJllot#a z u6 uo 6ouur o frr o u 
j.: tu.to 595 u m,

297 pm, 210 ;rm, 149 pm uavrioun.jl 74 pm rjroukinlliiufi 105 o.irllrrariua
i! - )

aun:vyt{ul14unnnyl

3.4.2 n1:rniurJ a.rrirrraqlaa

rtrilfi 3. 1 uan.ru uil-uYuooun'trfinulfl o{uro.rruloolnlnrolvrh.l{rt n.:ru
rriuduuo.:Is16ul.tsoronk$i Gurrunriuoulodab'{ri uavrrarr-irvdrrfi:rnriuoulns-abrri fi
ri{arasian?r!fiiot oruo.rruarr,lfio nrtuuururiu uaunlr!.r6.'l}r1:0 nr:oo{'utor rraarto.l
, Y s Jq qe - -fylo.iulttaa taaya{rn:1uy Louay!5.luay[0uo n1:gi,ltuunr:dnurd'.lu

3.4.2.1 fluloaun'ln

t) rjt{rrtrrfirniulldfiturq 595 pm, 291 ptm,210 pm, 149 um
uavrioern'ir 74 pm ntrriron utluar:avaruhrouulan:onlseinrrlrturiu 18%wt ri? u

on:rdru a nirL oio al:avarul{r6ulilooronlnci zs mt u#rfrlfiilirflurrar 3s urfi fi
qruu4i4fi 35t1 oC (65n-aur q':inoruuil lraenrus, 2549)

2) n:oruunnr ndr uron roia ryrU1nrn ufrrrjrdrlryr'rtlutalu{rkiarll
nrtuvfifislrilo ornriurjrhJr-iur'q2v4fi 3stt .c riunar 1 t'rTlr

3) r6:Lar:nriuoulo,s'aly,lriliurn:zo mt (drl6lornlruio'atolritiuyt:
n.rd uavnruv, zsss) n:u1#rdrfiu iiqilr udrdrhilrlda 35t1 "C rtlurrar t st':Il.:

4) rorrLar:avarolrr6ulloo:a nkpinrrurdrLdu 18%rst rjirLrn: 25 mt
.,i -a.:1uar:ri'roeirr nrulfrrrirri'u ijoah udrrir\lllfrqruuni 10 r 2 oc rilurrar 24 t':Iul Ii'

tont alyuo
a &,5) [fl!41: trlou]]ra[y{q]yun 6 n5r.l a.i Luloilyaryiofr',kiorn{o 4

6) Lflrn:o{a ?:n[tr]tua.! tlj Lua?u a 3 m[

z) rvrci:uaralfrtdtiuwfi rr{ :ooun:cr'llio{flrraalaa{uiil
x s 4. : , - l. .'xu) unufl o!u'I{aataayl[ol1nn1tlJu;!aonornfr uri dr.ldrurjrr.J:rnorn

loaau (deionized water) udriqr{r pH oun.irovirirrtlunarl
9) i.l{v:o 0u [14[114,: [[a?u't turn:13ra un

3.4.2.2 nrurdlriurolar:acarukrduulsn:onkei

t) drvhuiraturoo!r1n 297 ;,m i.lrfluanrrvfillo.rrjrrra4laainr:
- "" X - - -r )tnoor=rLriruarrjrfufit6fiqo6.:ldornto 3.4.2.t url,uar:acarulsrduulao:anhrinluujrrju

2o/o, 70%, 18%,26% uau 34%u,t srl:rirriu druo"n:rdrur,{rli1? 3 ni! rioar:avarUlflfiu!
'[a o:onkri zs mt udrns{dil{riurrar ls urfi ioruuniyni 35t1 oc

2) n:oluu nnrndr u ro n io.:a [U6U rnrn udrrjrdrufiri]uta.:u6.:tdaflu
id,-, ! "" ,;

nrtuvfrfrrlriJo ornriurirhJr-iffiqcurani 35r1 oc uilurrar 1 rr:h.r
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3) rfitar:n'rilollnd'abir{rjilrn:lly .tru 20 mt nrut#rdrrYu ilor.lr

ruftrirtrjr-ilria 35tt "C rtlunar I r'rhl
4) r6lar:acarulu6udso:onkrinrrr]r{u{u 18yowt rjilrfl : 25 mt

afluar:d:otjrr nruti'rdrriu tarEh ud'lrjrltltjlfiorurani 10 t 2 oC rilurrar 24 d':kl ld
'u0nI alyr]o

5) rfi lai:krdulr'arilnyfn 6 nil a.:1utolnaal,rfi ofitriorndo q

o) rfiun:nd'aflrinrtltuailtflud:u al 3 mt
Jqq, a, 3 " !/) tvla?ufi ar]vrlnl,au!!rwll :00ufl tyyln onul[{aa Laatu:rl

a) unvr{olJrroaqlaafltdornnr:du;rloonornfilri drrdrurirrJ:raorn
tooou (deionized wated udriorir pH oun'jrovfirililunarr

s) ru'$aiaoutliuri.r udrdrltli rn:rvr{aurifi

3.4.2.3 il5rr16ura':nrilouloialr{ri {csr)

1) rirr{r.:drr,uu, oou,In 297 pm utluar:ava rukroullan:onkri
y w ) - ; a joqv, 3 s i ! -n2'uJ[1JUlJUyr 10%wt n{rr]uan1?uytli1[ry{o!u'triaa La6!Jn?1ua1r]1:0n1:ooBr]d1 uacdrfu

d di ) cvfrt6frani':yr:rrli'ornnr:finurtudo 3.4.2.1 Lr,:- 3.q.2.2 iltudrfitd.:urllrldre 3 nil ria

ar:araruiqro'uilso:onltri 25 mt. [d?0rv{d.i1{rflunar 35 ,l4 ;iq*ratral 35r; ";
2\ n:oruunnrnd'rutnn:o{a6Ue'rn1n udrrird:udriu,uolu{.rlaiarlu

nrtuvfifirhilo nrnriurirhliluiqruilqi 3511 .c rflunar t {rll.r
3) rfi lar:nrSuaulot"ah{r{artuar:ara10d?odlifitd fi U3ulni 5, 10,

20 uay 40 mt. nu.ird'! nrutfirdrfi'u iloah udrrirhjillrio l5r1 .C tilurrar t tt'dlr
4) rfirar:avaruludullao:onkrinrrrir,flrriu ra s6Inuflufn

rJirrn: 25 mt afluar:sirodx nrulrirdrriu indr ud'arirhJilldqruraqi 10 t 2 "C rflu

nar 2q drlll ldtalryat,rfio

s) rfi lar:1tt6 uuth rvlfl fi rin 6 nir afl uto.:rual.rfi ovr'ldorndo q

6) rfrln:or'aflrinr{udual1tftudru a 3 mt

z) rvrdrunrardtrilduwfr lr{ :ooun:vri'lrio.lrirrtaalaadu:rJ

8) unvy,lolrirnaolaafikiornnr:du:rjoonornfi rri drod'ri,,i.rrlr.luo.,rn

looou (deionized water) ufiriorir pri runirorfi rirriun"arr
^,i<9, .114:00U Lyurni ua?u1[U?tnlly atltjsl

a c 2.q r'tarfil{ lunr:r.ilr,ra',:rfiunriraulod'ah.iri

t) rjrlhldrrtuloorrnin 297 pm utluar:a;aruludtiuloo:anhr{
n':trr{r{ufi 10o6wt i{rf,u6niarfiri.rltiriouth,taalaafinruaur:onr:onilrfiuavrirrju
a di .i t v 

r' --- -'------ _'-

rltfifraotry:rlloiornnr:finurlurio 3.4.2.1 sax 3.4.2.2 druo-n:rdruy,hl{rr E nil rio
ar:avarakl6ailao:onhri 25 mt rLftd'lflllir{Junar 35 urfi fioruunfruni 35*r .c

z) n:oluu nnr nd'rurnn5 a{arU ry.rnlfl o;rr.ir;rrq,flrra,ru6flriarlu
id,-. y 

"" ,.)nrtuvfrfrrhiln ornriurirlilillfroruranfr 35t1 .C r{lur.:ar 1 {rlll

,
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t) rFlar:nriuaulo{abirirjilrn: 20 mt. (rtluanrrsfi rra!rca!airuiu
x !.

nr:finurlua:"rfi Ioufior:rurornia 3.4.2.3) a{uar:draeirl nruhirrirri'u flndr udrrirhjdl
sio 35t1 "C rflunar 30,60, 120 uav 240 u1fi or 6iro"u

4) 16rar:avaruk16allao:onlrrinttldudu ta s6Ioorllufn
il3urn: 25 mL a{uar:fr'rotirr nrulvil{rfi'u 0odr udrrirhjillfiozurani i0 r 2 oc rflu
nar 24 t':fur 16'to.rrualaio

o a irg5) [n a1:Lrrqu sarllnfiln 6 n5tJ a.l tuu0,:t14a']uuoyt[nn']nljo 4

o) rfiln:od'afi rinrdrL{ua{rfLuri':ufl 61 3 mL

z) rydrularfrtfliiuurfi ri :ooun:yri'rr,{a,rrifrrraalaadu:r.J

8) unvr{orJrnaalaafit6'ornnr:iugrJoonornfiurl drdrurirr]:rnorn
loaou (deionized water) udrr"orir ptt oun'irovfi rirrilunarl

s) fi':u5oo!1fi'ufi'{ udrrirhirn:redarrtfi

3.5 n',tt?[a:'lc14d!unt,a.:r a.ruufl uayaltungo.: o{u1[taetad
a.5.t irn:rvridrarur,tfintarto.:rya,lr.tfi n

J.1[nl']uyn1n?'tllyufla1145ulj0,it a? uoo?ural0{,jtn:,tr n?.t uou!![{
(Needl.e Viscosity) HMKE {u Viscotester 6 pLus

3.5.2 a?rrrxuluriutorlla.rrl,rwaalaa

nr:yoaounrualifidod rirnr:irn:rydnl rret:oru ASTM D 3574 - 9s lourir
,!sJ

l,lo{Ul rraalaafry:rlturou uou (nir{ x u11 x al) n"luaol'tunrvrfr e.z irlt'lrjrrarjndru
a"i

rn5ord'rvniur q sirurarj.l udrrirurzunruyuru uorn 6ilnt: (3.1)

fi?1u14u1ttLlu =

lnu Glrer: = n{rl x u1r x an

rrxa (g) (3.1)

rjilrn: (cm3)

ntrfi 3.2 ri'rotir.rdu.r.rur,io.rJlrsaalaaornyhrdrefi rirurirn:rcd



19

a.s.g i6nr:irn:rc{nmuarur:nlunr:noilrolruar
uL r: n'[u n r: n n 6rLt o r ru a r,u o.r ardr rsaalaafirniurLl6'arnn1:1tn:1vvn?1tJa'

vr'{rrrlrraur:nrirld'loo frnurrrarr{ra'auoato.:nr:qoil ornriurirnr:6nuralruaur:nlu
;a.nr:qrofrrLtolnaarlnulirrarfianrrvaunariluondrld.rlunr:rtJ5ulrfruurirnru6rur:nlunr:

N; I \';
oFltLrt0{n4a?10rY{0nu']v[gr:utJtovldnl']yn1{ .l

3.5.3.1 nT :6nurr':arianrrrar.,r,a

t) rirr{olriror"rodr,:leia.:lutrodiilrfl ndrr::rr:!r uioriruiurlSlrn:
200 m[ udrriruirrniotueiruu'l:rl [r!!n?!nro{uuni fitixnar 10 20 30 40 uas 50 ulfi
"i ; c" - J l..i:ririu.:rufrruusr:vun:tflunar 5 urfr ornriurirlrJ.tirirurinud'rrirurzunlrlarlr:n1unr:

(3.2)

rinlfiut oruvartorv{olrLdrrarrirr 16'tuaurnr: (:.2) loufil,rri:moln'lrrLaur:o1unr:qo
6lto.rryartolyior#rovnn:yr'lurari'lu nir.iro.rro{urardonoofilrianiurolrioulrufi.: r,16o

riana'u 1 'iT "iirururyir r,rio ryir"

al uaur:n'[unr:on6rt o.: rr,lar

_ ;4v2) rirto{o!ruLo r.tla:1{n:1ylR?'l!auYlud:sr,r'jrlntrlarur:olunr:, a ri - - ---- -''-
j

notuton[ya?n![?a1 0iuao.ltunl y] 3.3

J6n1 y 3.3 n?iud1!'ll0 [un1:ooeltoln,tatrfrurLriu rta.r

3.5.3. t nr:6nurnluartLr:ntunr:onirtolnaar
x - " r- . -.urrial rd'rour.:1aaflutrofrilahilofr lt::orir yiorirriurjiurq:

.i
200 mt rudrrjru{rrn:-or rtdruur:ruttuun?un oruu4i rfluur arfirvir rTu rrararna dtdorn

! ": ) a, I "\,n i -n]:flnulno!fiu1 ultunlu {uun:vunt rrtlurlar 5 uu- or nriurirllt'fiiryrinrudrrirur ru

oluarur:n1unr:rYnrfiutalrya:ro.rr,,ia.tir droalnr: (3.2)

u'tyun!1Ylootll

ulvunuy.t

t?41[t16a oa



uvlvl 4
a a9

r{an1:?[a:lJl4tia auavanu:']ufl a

n1rfinulfloi'uro{1ru10o!n1n o':urliuiuto.ilrrduuton:o nlsr{ tjilrrunrilou
! "-totaty{n Ltastyusnlt!uua{t9lr.tLtLou:J [ota [y{nnon?u14uot 0 ilJonLyaruuo nr:tu:rjt6

, I s "^ i s Jqe
flonY{0,!u1[{aa Laa uavq axur]to.iy,l0{u1[naa Laa t.iLnun n']lr.tyu1ttuu tlaua,]1 a.t!.1:0

1unr:fro{rtolrr,ra?ra{y{a.:flrraalaafirniuildornrirrdt kir.ranr:6nurd'ld

4.7 tlo,i'atrorarlnrneiorirnrrrufintarno.![r4a??ifio uard ffisa.:r{o.rrhrtaqlaaorn
v,hr{rr

nr:6nurf,odut o.l,uuro ounrnriorirnr rrLufiotortour4a'tufin ua valrhtolria.:Jr
s io.r ! s i Jtta0!aa lfl:utltn allJ1:n 1Lo[nun15rfl:ult 0nulrgaa taa01n],i 1,:dt't ynrutoounrRrada

i -- -

5g5,2g7,210, l4g uavfoon'jr 74 '[xn:ou (pm) fianmvd'rurJ:6u1 nlfi ldr.ranr:f;nuo'.1
J , .t ! s, dnrl't.iyr 4.1 yrlJ?1 n1ir lt,uuto ntu'to 0un 1n 'li,[1?r.i[tu? Lu:Jylo vd lrualrinr rlr,t o,ua.l

4 <, I Z )to.:uyaruinftirrfrlfru arorfroll"tornouninli'1.:1i1rfifiturotr,rr!n.jrfifiufia'lfia (surface
',ead"Jarea) uaun?'ly{1nt1?yt tiul0ounlnran u1[r[n:{ai1.ito{r,gaa [aa Lr.tnnr{raru doar:acaru

ndoult rduu tanto nkodl rrird rdulu rr a a laa drunr ariudn{u (Capittar action) dl16o

r{aalarar (Sodium cetlu"Losate) ,#rrrhtl,iun'jr 6'anrtarraqlaa (Atkati cettutose)

14io White crumb rYla:Lnr: (2.1) (afirJ:vnr inudan ru nrfin, 2558) d{udulsaqlaravr
a, Z" . Irtlual:016!ro{l{rdulrnaalaaururya riluaol'[ualnr:fi (z.z) ar:vT.:aalnral:rlnTuaqlu
. - i,:rjrortoltyarufro firdlHahinruraiqto,:to.:ryarr,tfinornylrltrrturolr.rr!a,:n.lrto.:ruar

a,via
14UO01n 1.l u't?yllltu 10 ra n n 11

ornnr:rlfi +.1 tru'irr,lour3rrraaiaafirniuildorn lhr{rrrurqradu:cy.irl 297 - 2lo
. ! , i < cu-t i . .J-pm au'r:ntulUrilullo.:rirrraa.[aa1d d'lriur.la.:rirrtaalaafifituroounrnlrar!n.ir 297 uav

rFn-ir 2to 6.:hiaur:niu;rJriJuvlooirrraalaaki nr:yrnaorn{ldy,lrrdrrfifituroounrn
ro6a 595 149 uav16nn'ir 7+ pm 6.:l,riarlr:n;fu:tlli olorio{arnrh.itr:fifiturnaunrn
,t---,t4 1"r'-. oq! a--r, ! r '.rrt " a;;;-lrury uvrar?au0{au0u vrl Lv [{lfiul] L8o:an [ro rlr:nrlirlJlulo:lairlto{LraQlaakidoun.jl
=--e_.t-y .. I i- g d,--__- -y-,,,, j 4 t .t .---0,ivn rl4ttaa La Ltvrr rnolurJu itJ 1[u1.r 0u n11, aun']nv'lr.:rirr td n nir tfr oro rnrJf fiSorvirl

d , o ,i - i. _- _ J - i .l- , . X . --" l- :nlun1r rlacrnr 611rL ruv][nfl?un!raoxu arrnoiufrilrriou vrniaofrulflfifiufifrurn6u
-r3::--< - 1o< i e y- !,. - i-j i- ; ,--- a - ! "..!!n:01nnurnqLor5lru err{11rrn!iaorunrourdufrrfrufrfr.:sir rJfrfriurfiovrfiofiuld'drnir
(Ryan and Radford , 1987) uri;iryilv,lr,:rjrrfiirurorf;nn.jr 210 pm kro'ularouyr:nrtrtrj
.l.l
LU tn:{al1':rta a taaljlnrnl,J [u0{lir LvIn:ra5rrttaalaa unnaanuayornr.ra nr:fi nurlou
anrrd t.ra!:vrai! (2557) nu'jrnr:ln rfioaoruioalnrn?ro.lr,hlrjrr dlr.ra rionl:aoii1ulu
In:rairluwarinlurraaloaa.:riru 6rnr:anarto.:In:.:airurf,ntuuraql..*,t,r,rO-.r#-
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rirlvllriarur:nfiu;rJriur'{olrirrraqlaatd rfiorornnr:rfinralraalarrvr uaclu6u:.rrraalaa
- i \ ei

ttlttvlvl 0vtno?rul,ououa,r

JAx-q.r:1.lyl 4.1 61ni1!l14uo?0{?a{ t a2 un n,t:iu:Uua:n[uduu-frtott',lolrirtgaalaa
firnisuornr,hlrimfirsriuuornr,hrriirturnorn.oriro .l 

--'i,,''.'

?u1n

alnlh
(ym)

a2lIUUa!O.l

ta{tya?y!a
(mPas)

?la.!ultgaa Lad

n1:

ril;u

ff211t

uuru u
(Ycm!)

a:ruarlt:n1unr:aa
tlJll1

$mnafl11runufl.r)

Rrud'rlt:o1unr:
- 1,--

eatlJu1lluntI - -.(ln110{trluunufit)

595 30,000 L! Lo

297 22,200 16', 0.19 2.1,7 1.65

210 21,300 to 0.76 1.60 1.49

1,49 Lu lrl

!oun?1 74 Ur Lfl

(n) (u)

nrufi 4. t dufi'fi ,r,{aotl.',,vuala afi rnEuilor nanrr:r,hldrrturn (n) 297 pm
(t) 210 pm

riofior:uraluiffidrunrrrLyuru u n?.ril4111:nnr:fio6rLrjr ua"rjrrTufit.uolr,,lo.lrlr
rJd,.jrraalaafrrniul d' yrujrnr: rfilrurarounrnro6ur,hl{r:rrn 210 pm hJrtJu zez pmx")1rLa.:e.raotirrfrfuiirn'r-uoiarirarrlr,rururiutolr{ardlraalaafirniuuld usifiuu.rld!ddr1#

ntuaur:o1unrr4#rri',nurr.,'..,;r;orun luori.,,ouqiouli,r;urfa,nrii, u.oduoo.n
J-. "" s j - rgnuro:n:ufr16olurioldrrraalaafrro5riuld'ornilrlirlnJ:u1a 297 p,- fiturorHn uayfinr:

- a )a , , ! r i -n:y0'r ud?ron:1r:uturo rdnfr d n.iryia.rrir rt aala afi rsl5uuld'or n lhl{1?rulo 210 um
(fior:rurnrnfi q.t) 6.:aonndorriuruio-ouoruqra aiin:ti (zsqe) finu.irnr:rfrodo.r.jrr

I ,J j i .-. 1 - a i -, X s - J -flul0 Ll4tu?lty{rtju ai a I n']1r]aM:n Lunlldnrfruultolrlolrjrrraalaaaoal d'lrjuy,h.:drr
ir1.J1ooun1n 297 pm 6lriluan11cfiru rvarlunr:a'nurriohJ Ioufirr:rurornnllLaur:n1u

- ". x--
n1:otuu'l uaculrJultt
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4.2 floo'auornmlrtu{utallq16sulan:anltrieiarirnrurafiotarso.rrr,tat.tfin uas

arJUsrl,o{r,{0nu1lgaa taa0lny{1.r{,1,]
d . --!iiryil nr:frnurluyr{0fi aur:nlir161nu nr:rirlhrrirr ouhrnradu 297 prm urid.lu

ar:avarukrdullsar:onhrifinrurdlrju 2, t0, 18,26 rtac 34%wt fianr.:vsr-rurJ:5u1 nlfi
i , A eei.ran'Ddnuruao ufir:r.:fr 4.2 fl!a1n1l !fr!nrurirliutolar:avar u1fl6urtlan:onlrei

a'laralfinrurafintorua.:rraa'lr,rioiuurLiuana.: rfioro.rntjiurzuIsr6erulan:onhddurnrfiu

uo6oroovrir'trirfionllaoa{ro,:n?rlrflunoiruoi (Depotymeririze) d.:r.ralfinrutrtra6u
roraruldroduoiaoar ui oiiruruuri': urirluaruldnoi rr: oirfiliu (ofir.i:cnr:-nu6an

.i " J )
ru nrffsr,2558) rioaraldrraala aaluarloi-lourirliararirlrieirufiriJuin:rir1116n (crystattine)

lurraalaarfinnr:lrun'r (swetting) uararofiriroralrrdruyaooanurornarulyrfrurnnrt:ri
.i d r- s d c,J"[tJolt1J5L]1fU0UnlntA{ Hto u!u1n0urnufl0fln.i L ur.lalil Lunl:ooni[n!t{ruu:nhjfroiruyri.l

ruri'r-r,+-nqlnh6n oon€rou uouri (Beta - 1,4 , Gtucosidic oxygen ,""01 iAf,,il, frqr.
n5il:ti, zs+a) n':rlr,riotor,uarruarufi n6.laoar

)
ornnr:rrfi 4.2 ruiry{o {dl rraalaafrrni ulldluanmvnrrr rdr{uto.:Itrduuloo:o n

ksi z tO 1 8uav 26%wt arrLr:ndu:rjld usifi ar:ayaruk16uutoo:onlsrifi nrurdl{u
34%uut hja1l1:odu;lJld rfiortrnrJilrrulr16ullao:onltoifilrnrfiunorirlriutaqlaa4ryrf,u

4 - .)- ! , , 3 : -! y ; j -n?lrtuuy{0aui0t ri n?1r./alafUFt0nr:ruiUl,0{li0.:Urrtaa [aa dlfuv{ordrrta4laafrrnsu!
oi'luanrrcnrr!r{ldutorlrrdurlso:anttri :q96wt ilLia,.rr:n:ilu;rJld' aoondarryr
lruio"ul,orfiifia ur 4rinnruuri uavn u (2549) irnr:1{ar:acar uk 16uiltan:onlteiyl'fi
nrurtl{ualn'ir 18%rnrt Lfl uHabi'rsaalaaarur:nr 6uuhjriurirmraki.iru

nr:rrd 4.2 drnruufioto.:raqrarufin nr:dugrJua;nruaurlhto.rv,lolrhrraalaaoln
J d -^- -.,'--.-ra- !- t" a ,t r rdrr1,tt,'t? ?tlf, :uu01n6?1x[iu.[urallgrdauloc:anlgriiiarur{l{uirl 1

J.
rilofr or:ruraltr-6rirunrur.ruruiu n11ua1!'r:0nr:qro6rlu'r uarrfiriufi rtalvlouir

rraqlaafirniurld nu'irnrrrrdr:riutorlrr6urloor:ontrriairr.raotjrrfrriurirdryrionrrl
vururiutosviorrirrraalaafirniulrld urihjarlr:naq!nrurd'lniuiifit-n,orrrrl.,ofloo-u

fr 1',t 3J HJ ltlju
It16u ao:an

lqd(vo *z*))

6 ?',r3114Url {aufinaqlaa
t o.lt0$ua?

un
(mPas)

t
nl5uu

flJ

nl''l!
uur uriu

(ycm3)

allaur:n1unr:
a'.in{ut]1

(rvirto.rrirrrinuril)

arrrdrrt:n1unt:
4"...o0{llu'luul{n

z-.(lvt'lno.lul unMt)
2 43,600 1d' 0.715 2.34 0.54

10 23,700 LO 0.33 3.16 1.66

18 22,200 1d 0.51 2.18 1.65

26 12,600 t9t 0.82 2.62 1.30

34 0 L! tt)
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o-q ndrroionruyur uuut o lr,lorrir rraala afi rflS u !l,ri uonor ndzua nr:finurri,r{hi'r#urr
! ! - - - sv tr j i I .-

n?1!41I1:n tun'r500{lru'r [auu']lru11tlJuu't lulj! rJlluu..l0 ty{tJuSlllfutJo,r [stnu :an21!
rtr{uuorar:avarulsrdu!l,oo:onkriorn z rflu togt*t o'',ntirnu'irnr:rfirLnruriuiuto.l
ar:avaraltrdur.iloo: o nltririrhinluaur:nlun',rr""ti.l uarri',rrirf;tiriT aoar lourir

o Y ! - - f " 
", o , -- ,

Fr?l 4't!']l0 tunl:nflul ltavu'ruu tto{y{o{u']ttaa taar[9lluu lntn1a{aoryl1f]! 3.15 uay!r

1.66 erlr.rri'rri! rfiarnEalr,louhrraalaadruar:acarult16uulofl:onlrr{finrrurduriuiouay

10%uzt d.:aonndorrYrllruio-errord't::rur avriruauyr5 uavnruv (2ssr) dl6nurf,oi'ersor

lst6uu1ao:onltrisia aurj6 nr:ooiu r,uo.:ria.: r rtaalaa uasy{u'jranmvfi 6fi aotolnr:
rsriu!rio.:dr rtaalaaor nr.hldrr 6 ofianrrv nr rurilriutrolh 16urtloo: o nlsri roxwt

J! J! i J-. i < i a
ttutou?nunun'15fl nul Ltal{u r{ua10tu0{0'tn:1I:!ylIno tuy{0{u1[saa [aayttnS u Ion']n

ar:avaroltro'ul1oo:onkri 1o%wt idru?ulrnnirfianrrsnrrrLrdrtuar:acarulg16u!
rr.iiie;lofll0ntto0u 1nl r 4.2 u6o.rlJu'to uaynl:n:yn1u: :1t10.1y{0i 1r$aa [a aolnli'l{rl?fr
reriurJei?u6l:avarulu6orLlao:onlrrinrrlr{l{u 10 %wt (n1flfi 4.2 (n)) uav 2%wt (n1il
J ..i ,ifi 4.2 (?)) 6rruirfranrrvnrruriuduar:avaruk16ullao:anltgi torud inr:n:vo.ruturo
:n:uvr'6n'jrfianrr ynrrlrdrduro.r ar:avaraludullao:anltri 2%owt n-rriunrrurrjutu
ro':krdullonronkaifitos6wt Srrfluanr:vfiruurvaulunr:finurriolU riofirr:rurorn

! ""--n?1!4M:n [un1500t r]1uauulr]uy{t

(n) (x)

nryrd q.z dufifi'rrirotL,sualaaornr{rrrimdrn5uuorn6r:ayarugo{Iu6ultan:onlqei

dn:rurd tu (n) 10olowt uar (t) 2olovvt

4.3 f,oi'rrsolrjirrsunriuaulodab{idoirarr,nfiato.rrorruarufio uasauriB!0.:
v,la.nir rraqlaaornr.h ldr.l

lunr:fi=nurioiuronJ:-rrrunrfr-rou1o.i'a'[r,,kiriorirnr uraiotoworrualvfio uavarLri6
!,

tuo lr'{o rdr rra aIa a fi rmi uilldlirnr:finurdr tL ylr l,rirr oqnr n ro6 r.r 297 pm uayal5au a 1u
Ir16urlan:onirri#nrr,r{r:du 10%rar irriluanrrrd*r.,roudt,iornri:{o q.r uav 4 2y - . \ u\..;.^n:0iuunnln 11nlrur0 n15!a! Loralv,kifrtlirrru 5, 10,20 uas q0 ia6fr0: fianrrysr"rurl:

t
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6u l nrd ranr:finuruaorlunr:r.:fi q.a Qi{flfirfiu'jrnr:rfiulsrLrutornriuouto{'abid
drr.ra'lrinrrlyfiorosr]o.irua:uiorfildu oro ufiorornnr:rfirLr-Jirrrunrirautoralr{ri lirbi
Itrfiulrsaala rtvrrfiohlriiuls16urirtaqlaa rru rrrlrndu irailna}inruufiotorta.rrraar

j g -+e- vi
14UOllRl!n1tyr!,UU 9t.:ytl,OO51J',tU t? UAlt1{rlU LnU A n1:finulnitlaoonao,:rlulruiiutol
Pan, Q. (2014) nl:[n;urr uturyruornrllr.l{r'l uavfinurqruarLu"fi'tunr:oord'uunorial 6l, !z ,
nLl? laar a{ n 1r ly{rrlull o{ nllr auln{alr,k{fi zo mL. dtH ahin r:ooiuirirarfia o

c .;
nriroulooonkoifrrrnrfiuhJfiaarirlfirfinrJfrfiiuranid hirilur.l:glutdfi!rJ[ffiut,rdnuavao

0fl :1nll am[un']:Lgt:ut.l

uonlr ndnr:rrfi q. r ri.:r{u'irilo.:Jlrra6laa6,r rni ulfi anrrvnriu oulnr'allki s, t o,

20 uau 40 ia66n: rYuaur:odu:rjrilylo.rrlrnaolaarsaalaaldvYrr.un rdorornnriuould
wt '.,- - J .ay s ,j \,1, < j a,taLll0u:xlrur.llnrnuy{0 yt0uyl1[ya']t[taa[ara11[!auuLUr!ultaa[aarrrrryl B{rilu
orrirJ:vnarfieir6'rXsio nr:fiu:rJr{olrirrra ala atun:c!runr:rnialy{0,:rjrrraalaa ri.:fivrn

J,-
nriuoui'abirifirJirrrufibirfiuuoeionr:rhols16u!rraalaarruryryr krduursaalaarruryryl
ovrfiorJfrfisurriounalhjrilult16ourtaalaram rirlfitriarlr:nt'ugrJriurialrhrra4laaki

nr:r.:d 4.3 rirnrur,rfiouortotuarufin nr:du;rlua;qrua:riihtorv,louirrgaelaflo,ln
rirrtre fi rsrEarornnriuoulodalv{r,ifi Gurrutaleir.r 1

Glrru
ariuaula

dalrtri
(!aaan:)

a2lt run
1a{l|atr a2

rua
(mPas)

r',la 'rrir rsa aln a

n1t

t'ul
A2''IIJ

vuruiu
(g/cm')

attratur:nlunt:
nogtu,t

(rvilroqirlninulil)

attratrr:n1unr:
12,-

ang!u'lSluytt
z - ..(t l1lja.!u1l1unuu.!)

5 29,300 Lo 0.56 2.87 0.93

10 32,400 1d' 0.78 3.27 0.53

20 34,500 !f
L9t 0.65 4.42 1.72

40 36,600 L9l 0.53 3.92 0.72

dofior:ruraul-fidrunrurauru u n'r'r!a M:0ni:qlofiurir uavrirrlufirtorriarrir
. i J a ^-^^!- - -r yr,,, ", -- . -rraa [aar rr]:ur.j [o lru2'r! rrJ'l6un liu 0! Loda h{o 6ilru a o tjr rfrfu drd'ryrio nrrurau.r urju

ntuarlr:nlunr:nr,6rir uacfru-urorr',la.lrlrrtaqlaafirniurki usiodr.!1:fiquila
2.J.,

nr:6nur1un:1 [:rarur:oa;ulrJuuunrua'uriudfii'o rou:vu.ir ljiurrunriroulo{ahiri riar I " j d r,r, J - o - xal]uero.rnal?r0.:lioru-rrtaalaafrrniarJld-td' rfiofior:rurornnruaur:nlunr:oofirJrir uav
rirlntorlJoldrrraalaafirmsolld arur:nndrrki.itJiurrunrriroulodahftil' zo iafrfrsrr fi
nrurulrvarLrionr: uriurl,,lo.:rirrsaqlaaornr,{rlrirr riorornl#drnrua.,tu.rro1rn..trgr6rri.t

""-uavirfurvirnn 4.42 $aa 1.72 rvirtordrvu-nuri.: nueiroil nrnfi q.3 uao.ifl1r1o ttayn.]il-
n:voro:n:uto{14oldrrraalaaornrir.:drrfi rqiu!fi anrrv (n) nriroulnd'ahiri z0 ia66n:
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